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摘要 
视频以其直观、高效等特性在数字电视、移动通信领域有着广泛的应用，视
频技术也因而成为近年来的研究热点之一。视频压缩技术作为视频技术的一种，
极大的促进了高清晰视频在实时传输与存储方面的应用。新一代视频压缩标准
H.264 是目前应用最为广泛的压缩标准，相比之前的标准，新技术的采用使得
H.264 在压缩性能方面有了极大的提升。然而，H.264 帧内编码算法较高的算法
复杂度和较强的数据依赖性使得编码过程需要消耗大量的时间，这极大的阻碍了
H.264标准在实时通信中的应用。硬件结构模型因具有高并行性的特点使其相比
软件模型在速度上更具优势，因此 H.264帧内编码器硬件结构的设计与研究有着
很好的应用前景和科研价值。 
本文首先对视频标准的发展历程以及H.264硬件结构帧内编码器的国内外研
究现状进行了介绍，指出了 H.264硬件结构帧内编码器设计中常采用的一些结构
优化方法。接着按从整体到部分的顺序详细介绍了 H.264视频压缩标准以及帧内
编码各算法，并提出了相关优化方法。对编码器以及编码器内各模块的结构进行
了设计，用 VHDL 进行了实现，并进行了验证与综合。本文的主要创新点及成
果体现在: 
(1) 针对 H.264帧内 4 × 4预测块的依赖性特点，提出了一种三重流水的方
法来提升编码速率。该方法包含宏块级流水、块级流水以及算法功能模块级流水。
其中对块的扫描顺序进行了调整以满足块依赖性的要求。 
(2) 针对调整后的块扫描顺序，提出了一种新的块依赖关系来提高视频压缩
质量。在新的块依赖关系中，更多的重建数据可以应用于预测过程，因而更多块
的可选预测模式为所有的帧内 4 × 4预测模式。 
(3) 针对帧内 4 × 4预测算法，为了提高预测速度，减少计算冗余，提出了
一种 9种预测模式并行处理的方法。该方法将帧内 4 × 4预测需要的所有算式作
为整体进行设计，并行的处理 9种预测模式所对应的 16个像素点，共享不同算
式中相同的计算部分。 
关键词： H.264/AVC；帧内预测；流水结构；硬件结构 
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Abstract 
Video has a wide range of applications in the field of mobile communication and 
digital TV for its intuitive and efficient, so that video technology has become a 
research hotspot in recent years. As a kind of video technology，video compression 
technology has greatly promoted the application of high definition video in real time 
transmission and storage. H.264 is currently the most widely used compression 
standard.Compared to the previous standards, H.264 standard adopts some new 
technologies which greatly improved the compression performance. But complexity 
of algorithm and strong data dependence of H.264 intra coding makes the encoding 
process consume a large amount of time, which greatly hindered the application of 
H.264 in real-time communication. Hardware structure model with its high 
parallelism has more advantages in speed compared software model, so that the 
research and design of hardware structure of H.264 intra encoder has a wonderful 
application prospect and research value. 
Firstly, we introduce the development process of video compression standard and 
the researches on the design of H.264 intra coding hardware structure and point out 
optimization methods which are used in previous works. Then according to the order 
from the whole to the part, we introduce the compression standard and its algorithms, 
and put forward relevant optimization methods. The structure of each module of the 
encoder and the encoder is designed and implemented with VHDL, and the 
verification and synthesis are completed. The main innovative points of this paper and 
the results reflected in the following: 
(1) According to block dependent characteristics of the H.264 intra 4 × 4 
prediction, we propose a multi-pipelined method to improve encoding speed. It 
contains the pipeline of macro block level, block level and algorithm level. Needs to 
pointed out is that we adjust the block scanning order to meet the block dependence. 
(2) According to adjusted block scanning order, we propose a new block 
dependence to improve coding performance. For the new block dependence, more 
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reconstructed pixels are available for prediction. As a result, more 4 × 4 modes are 
available for some blocks. 
(3)According to intra 4 × 4 prediction algorithm, we propose a method of 
parallel processing 9 prediction modes. It designs all formulas used in 4 × 4 prediction 
as a whole, parallel processing 9 prediction modes with its corresponding 16 
pixels ,sharing the same calculation part for different formulas.  
Keywords: H.264/AVC； Intra Prediction； Pipelined Architecture； Hardware 
Architecture 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
IV 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
目录
 
目录 
第一章 绪论 .............................................................................................................. 1 
1.1 引言 ................................................................................................................. 1 
1.2 课题背景 ......................................................................................................... 2 
1.3 课题研究的目的和意义 ................................................................................. 3 
1.4 国内外研究进展 ............................................................................................. 4 
1.5 本文研究内容与章节安排 ............................................................................. 7 
第二章 H.264标准简介 ....................................................................................... 9 
2.1 视频压缩编解码原理简介 ............................................................................. 9 
2.2 视频压缩标准 H.264的关键技术 ............................................................... 11 
2.2.1 帧内预测技术...................................................................................... 11 
2.2.2 帧间预测技术...................................................................................... 12 
2.2.3 变换与量化技术.................................................................................. 13 
2.2.4 熵编码技术.......................................................................................... 15 
2.2.5 去块状效应滤波技术.......................................................................... 18 
2.3 本章小结 ....................................................................................................... 19 
第三章 H.264/AVC帧内编码算法分析与结构优化 ................................ 20 
3.1 帧内预测与模式选择算法分析 ................................................................... 20 
3.1.1 亮度 4 × 4预测 ................................................................................... 20 
3.1.2 亮度 16 × 16预测 ............................................................................... 24 
3.1.3 色度 8 × 8预测 ................................................................................... 25 
3.1.4 模式选择.............................................................................................. 26 
3.2 亮度 4 × 4预测扫描顺序 ............................................................................. 28 
3.3 变换与反变换分析 ....................................................................................... 29 
3.4 量化、反量化分析 ....................................................................................... 30 
3.5 CAVLC分析 .................................................................................................. 31 
3.6优化分析 ........................................................................................................ 34 
V 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
H.264高速硬件结构帧内编码器的设计与研究 
 
3.6.1 亮度 4 × 4预测算法结构优化 ........................................................... 34 
3.6.2 亮度 4 × 4预测扫描顺序优化 ........................................................... 36 
3.6.3 变换与反变换结构优化...................................................................... 42 
3.7 本章小结 ....................................................................................................... 44 
第四章 H.264/AVC帧内编码器硬件结构设计 .......................................... 45 
4.1 系统结构设计 ............................................................................................... 45 
4.1.1 时序规划.............................................................................................. 45 
4.1.2 内部结构.............................................................................................. 48 
4.1.3 存储器安排.......................................................................................... 49 
4.2 亮度预测结构设计 ....................................................................................... 50 
4.2.1 时序规划.............................................................................................. 50 
4.2.2 内部结构.............................................................................................. 51 
4.3 变换与反变换结构设计 ............................................................................... 52 
4.3.1 时序规划.............................................................................................. 52 
4.3.2 内部结构.............................................................................................. 53 
4.4 量化与反量化结构设计 ............................................................................... 54 
4.4.1 时序规划.............................................................................................. 54 
4.4.2 内部结构.............................................................................................. 55 
4.5 CAVLC结构设计 .......................................................................................... 56 
4.5.1 时序规划.............................................................................................. 56 
4.5.2 内部结构.............................................................................................. 57 
4.6 CAVLC码流缓存方法 .................................................................................. 60 
4.7 码流生成器设计 ........................................................................................... 61 
4.8 本章小结 ....................................................................................................... 62 
第五章 仿真及综合结果分析 ........................................................................... 63 
5.1 仿真与验证分析 ........................................................................................... 63 
5.2 压缩质量分析 ............................................................................................... 65 
5.3 逻辑综合分析 ............................................................................................... 67 
5.4 结果分析 ....................................................................................................... 68 
VI 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
目录
 
5.5 本章小结 ....................................................................................................... 69 
第六章 总结与展望 .............................................................................................. 70 
6.1 工作总结 ....................................................................................................... 70 
6.2 工作展望 ....................................................................................................... 71 
参考文献 ................................................................................................................... 72 
硕士期间发表的论文 ........................................................................................... 78 
致谢 ........................................................................................................................... 79 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
VII 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
H.264高速硬件结构帧内编码器的设计与研究 
 
 
VIII 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
CONTENTS
 
CONTENTS 
Chapter I Preface .................................................................................................... 1 
1.1 Introduction ..................................................................................................... 1 
1.2 Research background ..................................................................................... 2 
1.3 Purpose and significance of the research ...................................................... 3 
1.4 Research actuality ........................................................................................... 4 
1.5 Content and sections ....................................................................................... 7 
Chapter II Brief introduction of H.264 standard ........................................ 9 
2.1 Brief introduction of video compression principles ..................................... 9 
2.2 Key technologies of H.264 ............................................................................ 11 
2.2.1 Intra prediction ...................................................................................... 11 
2.2.2 Inter prediction ...................................................................................... 12 
2.2.3 Transfrom and quantization .................................................................. 13 
2.2.4 Entropy coding ...................................................................................... 15 
2.2.5 Deblocking filter ................................................................................... 18 
2.3 Summary ........................................................................................................ 19 
Chapter III H.264/AVC intra analysis and structure optimization .... 20 
3.1 Intra prediction and mode decision ............................................................. 20 
3.1.1 Luma 4 × 4 prediction ........................................................................... 20 
3.1.2 Luma 16 × 16 prediction ....................................................................... 24 
3.1.3 Chroma 8 × 8 prediction ....................................................................... 25 
3.1.4 Mode decision ....................................................................................... 26 
3.2 Luma 4 × 4 scanning order .......................................................................... 28 
3.3 Transform and inverse transform ............................................................... 29 
3.4 Quantization and inverse quantization ....................................................... 30 
3.5 CAVLC ........................................................................................................... 31 
IX 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
H.264高速硬件结构帧内编码器的设计与研究 
 
3.6 Structure optimization .................................................................................. 34 
3.6.1 Luma 4 × 4 prediction structure optimization....................................... 34 
3.6.2 Luma 4 × 4 scanning order structure optimization ............................... 36 
3.6.3 Transform and inverse transform structure optimization ...................... 42 
3.7 Summary ........................................................................................................ 44 
Chapter IV Design of H.264/AVC hardware architecture encoder .... 45 
4.1 System structure design ................................................................................ 45 
4.1.1 Timing arrangement .............................................................................. 45 
4.1.2 Internal structure ................................................................................... 48 
4.1.3 Memory arrangement ............................................................................ 49 
4.2 Luma prediction structure design ............................................................... 50 
4.2.1 Timing arrangement .............................................................................. 50 
4.2.2 Internal structure ................................................................................... 51 
4.3 Transform and inverse transform structure design ................................... 52 
4.3.1 Timing arrangement .............................................................................. 52 
4.3.2 Internal structure ................................................................................... 53 
4.4 Quantization and inverse quantization structure design .......................... 54 
4.4.1 Timing arrangement .............................................................................. 54 
4.4.2 Internal structure ................................................................................... 55 
4.5 CAVLC structure design .............................................................................. 56 
4.5.1 Timing arrangement .............................................................................. 56 
4.5.2 Internal structure ................................................................................... 57 
4.6 CAVLC stream caching arrangement ......................................................... 60 
4.7 Stream generator .......................................................................................... 61 
4.8 Summary ........................................................................................................ 62 
Chapter V Simulation and synthesis results ................................................ 63 
5.1 Simulation and verification .......................................................................... 63 
5.2 Coding performance ..................................................................................... 65 
5.3 Logic synthesis ............................................................................................... 67 
X 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
 
Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
